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A reactor-based sin® 6,, measurement:

* Probes new physics in the neutrino sector (like NuTeV)
e Has low Q?~ 4E-6 GeV?
* Has different systematics from NuTeV




How to measure sin® 8, at areactor:

Use the antineutrino-electron elastic scattering (ES)
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This assumes ,=0

The total rate for this processis sensitive to sin’ 6,




There are already people who would like to do a reactor experiment
With goal of measuring osc. mixing parameter 013 (at atmospheric Am?)

For example...

The Braidwood Design:
2 reactors @ 3.6 GW
224 m from reactorsto near detectors
900 live-days of running
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(Design can be further optimized
for both 013 and 6w measurements!)
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300 mwe overburden
central region, r=190 cm

Photon Catcher
r=220cm

Buffer
r=290cm — .

13 ton fiducial volume
for thisanalysis

Detector surrounded
by shielding
and active veto New: Lower Veto




A sensible range to consider for the measurement is:

dN/N =1.3%....... We can do that
= 1.0%....... May be attainable
=0.7%...... Hard!

dN/N=1.3% < d(sin?8,,)=+0.0019

Compareto NuTeV: £0.0017




|s this range interesting for
Beyond Standard Model physics?

Sengitivity to aheavy Z'
Using SO(10) Zx as an example (Marciano)

Need dN/N~0.5% for 800 GeV (@ 90% CL)
1.0% for 566 GeV

Can reach above present limits (just!)

< Hardto Imagine competing with LHC!
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Sengitivityto Sand T See Rosner, hep-ph/0404264

Fit which does not include NuTeV U nusual In strong
and uses alight Higgs... S—dependence
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Sengitivity to € (see Loinaz et al, hep-ph/0403306)

A better fit is obtained if neutrinos are allowed to have

non-standard couplings (adjusted by £~0.3%) ZW o (1-€)

Wh o (1-€/2)

|dea has now been expanded to consider flavor dependence,
with fits to world's data on |epton couplings...

Reactor experiment
IS sensitiveto g,
(dight €, sengitivity
comes through G;)
Plot by Loinaz, Fisher & Takeuchi...




Sengitivity to S& T in amodel with nonzero-¢
Include NuTeV in thefit (expressed as g, and g)

<« . 13%

Solution without
NuTeV

is about her&—~—__

Downward shift.
IS consistent |
with a heavy Higgs S
i ot by
i L oinaz, Fisher
& Takeuchi...
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Sengitivity to a neutrino magnetic moment

(Not cause of NuTeV anomaly!)
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Neutrino magnetic moment:

A dN/N ~ 1% in agreement w/
SM would set alimit

x3 better than present lab limit = == 2 s & s 5w
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A analysisusing the Evis
shape will improve this

sensitivity further
(requires good model of backgrounds
as function of Evis... underway)
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Sengitivity to neutrino-sector surprises...

NuTeVagrees with other
DIS v measurements,

but with much smaller
errors...
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Maybe the effect isn't anything we have thought of ...

A new neutrino experiment, that isnot DIS,

that sees the same effect
would definitely be interesting!

NuTeV




Some thoughts...

Type of BSM Physics Value/Uniqueness of info
Z-prime S0-s0

Sand T studies Good
Nonstandard Couplings (ce) Very Good
Magnetic Moment Very Good

NuTeV Surprise Excellent




Reality Checks:

How do you measure ES at areactor-experiment to ~1% 7?77

1. Thereactor flux isonly known to 2%

2. Thisisasingle-electron signal (unlike inverse beta decay)
Potential backgrounds are:
beta-decaying contaminants
spallation-produced isotopes.

3. The energy scale must be

calibrated to 0.5%
(samelevel asNuTeV)

How are these going to be solved?




Tricks to make a precision measurement possible:

1. Remove the reactor flux uncertainty by normalizing to
Inverse beta decay (IBD)
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This cross section 1s known to 0.2%




2. Usethe window from 3.5-5 MeV to reduce backgrounds

Singles Spectrum : 2381 232Th ~ 1014 g;lg
~ 1075 g/ T
- “® _ Contamination:
R o TN AV i Employ techniques for
Yoot v S WA Th clean-up from Borexino
E10'} g
z1u'f— _
10’ Spallation
“f Go deep!
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] Measure the rate
10 w/ the far detector
B Visible gnergy{MeV)m & W/ VSPLAT
We have |ooked
: at many other
3. Use many beta sources to calibrate the detector: potentif,;l
cosmic-ray produced: muon decay, 1°B systematic issues!

naturaly in theoil: 4C
sources introduced into the all




Summary:

Elastic scattering at areactor can open new windows on the
NuTeV anomaly and BSM physics

There are a number of locations where the experiment can
be done. (Site-selection for 013 experiment in progress.)
Cost islow.

There are alot of experimental issues to still be worked out.

Wewould love your feedback onthisideal  Thanksl

Seeadso...
hep-ex/0403048

http://mwthetal 3.uchicago.edu/index.html
http://faculty.washington.edu/josephf/beyond_thetal3.html




